Abstract This paper presents a comparison of communication performance between the reconfigurable beam-steering antenna and the omni-directional (loop) antenna during standstill and walking motion. Both omni-directional and reconfigurable antennas were manufactured on the same fabric (   ,    ) substrate and operated around 5 GHz band. The reconfigurable antenna was designed to steer the beam directions. To implement the beam-steering capability, the antenna used two PIN diodes. The measured peak gains were 5.9-6.6 dBi and the overall half power beam width (HPBW) was 102°. In order to compare the communication efficiency, both the bit error rate (BER) and the signal-to-noise ratio (SNR) were measured using a GNU Radio Companion software tool and user software radio peripheral (USRP) devices. The measurement were performed when both antennas were standstill and walking motion in an antenna chamber as well as in a smart home environment. From these results, the performances of the reconfigurable beam steering antenna outperformed that of the loop antenna. In addition, in terms of communication efficiencies, in an antenna chamber was better than in a smart home environment. In terms of movement of antennas, standstill state has better results than walking motion state. Performance evaluation using BER/SNR of wearable fabric reconfigurable beam -steering antenna for On/Off-body communication systems
Introduction
Wearable antennas for wireless body-centric network to provide communication system have been studied widely [1] . To implement body-centric communications, fabric-based wearable antennas are necessary [2] [3] .
Wearable antennas need to have the characteristics of small size, simple design, and flexible substrate [4] .
Since a wearable antenna in the presence of body suffers from time-varying wireless channels due to the motion of human, beam-steering capability is required to dynamically change the radiation pattern according to the human motion, as well as enhance the directivity along the desired directions [5] . Besides, in recent years high data rate techniques have gained considerable interests in communication systems. The most meaningful criterion for evaluation of performance of communication systems is the bit error rate (BER). A bit error rate is defined as the rate at which errors occur in a transmission system. This can be directly translated into the number of errors that occur in a string of a stated number of bits. Signal-to-noise ratio (SNR) is defined as the ratio of the desired signal power to noise power. SNR indicates the reliability of link between the transmitter and receiver.
In this paper, performances of the reconfigurable beam-steering antenna and the loop antenna were compared and evaluated in the wireless LAN network compatible with IEEE 802.15.4. In this comparison, measurements were conducted using a universal software radio peripheral (USRP) device [6] in both an antenna chamber and a smart home environment. Since the radio propagation of wearable antennas depends on the posture of a human body in addition to the surrounding environment, the human body was in standstill and in a walking motion throughout the measurements. The results of performances are summarized in section 3.
Configurations and Properties
The configuration of reconfigurable beam-steering antenna is shown in fig. 1 (a) . This antenna was fabricated on a fabric substrate with a thickness of 1. Table 1 . The configuration of the loop antenna, which was fabricated on the same fabric substrate, is shown in fig. 1 (b) . The loop was also manufactured with silver paste. The antenna patch and the proximity-coupled feed were designed to be connected using the two PIN diodes.
These PIN diodes, which were configured with just a line connection, were located between the feeding line and the antenna patch to control the current distributions, and could be controlled by two DC bias inputs (DC1 and DC2). A U-slot structure was employed to miniaturize the system and to obtain a wide-band frequency range. There were three states (state 0, 1, and 2) created by using two PIN diodes, as shown in Table 2 
BER/SNR Performance Comparison

Measurement Setup
The measurement was performed using a GNU Radio Companion software tool running on a USRP (Ettus Research N210) device equipped with XCVR2450 daughter boards as radio frontend [6] . On the receiver side, we used a frequency discriminator belonging to a category of non-coherent detector, which effectively reduces its power consumption. It is noted that no error correction code is applied [9] . 
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